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The existence of alkane complexes and their plausible con-
nection to alkane activation products has commanded considerable
attention. A limited number of alkane complexes have been
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yield according to eq * Deprotonation with excess KH in THF
produced solvent-free BusSiN=);WH]K (2—KH, 80%) upon
isolation from E£O (eq 2)?> 1—H and2—KH exhibit diagnostic

(1) GHg 23°C, 1h

t . .
NaW,Cl,(THF); + 6 Bu;SiNHLI @ 100C. 61

—6LiCl, —NaCl, —H,
2(Bu,SiN=),('‘Bu;SiINH)WH (1)
1-H

THF, 23°C, 48 h

1-H + KH . [('Bu,SiN=),WH]K

2—KH

)

observed at low temperatures in hydrocarbon and liquified noble H NMR resonances at 13.34 Qwn = 356 Hz) and 7.11%wn

gas matrixe$;? while the detection of{#2-HB(3,5-dimethyl-
pyrazolylk} Rh(CO)(CyH)) by ultrafast spectroscopy, and its
conversion to{#3-HB(3,5-dimethylpyrazolyl} Rh(CO)(H)Cy,
constitutes a direct observation under reaction condifions.
Equilibria implicate the presence tfins(PrP)X(H).Ir(RH),*
but evidence of [IM(RH) is often predicated on isotopomer
interconversions of suitably labelegM(H)R.>"1* These infer-
ences have been applied principally fo(d > 4) systems (e.g.,
Cp*Ir(PRs)®> and Cp»sW),° yet for alkane 1,2-additioA%*® to
transient 8 imido species (e.g. BusSiO),Ti=NSiBus),'*> com-
putational predictions of {IM(RH)® have no experimental support.
Herein the generation of variou8(3SiN=),('BusSiNH)WR (1—
R) species are rationalized via the intermediacy®fi{SiN=)s-
W(RH) (2—RH).

Treatment of NaWCIl;(THF):?° with 6 equiv of ' BuzSiNHLI
in benzene affordedBu;SiN=),(‘BusSiINH)WH (1—H) in 60%
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= 313 Hz), and corresponding infrare@/VH) of 1930 and 1858
cml, respectively. Both hydrides are hydrocarbon soluble,
implicating binding of K to the [(BusSiN=);WH]~ core of
2—KH. 1—H was converted tdBusSiN=),('BusSiINH)WX (1—

X, X = ClI, I) via addition of CX, and exposure ol—X to
appropriate alkyllithium reagents led t®(;SiN=),('BusSiNH)-
WR (1—R, R= CHjs, CD;s, aryl, etc.). Thermolysis of—R for
prolonged periods at 200 °C failed to induce 1,2-RH-elimina-
tion, consistent with the increased barrier to alkane/arene loss
upon proceeding from group 4 to groupg%?

The reactivity of primary alkyl halides with!{usSiN=);WH]K

(2—KH) provided evidence of alkane complexation, as the general
mechanism in Scheme 1 and product distributions in Table 1
indicate. Entries 1 and 2 show that exposur@eKH to CHsl
resulted in BusSiN=),('BusSINH)WCH; (1—CHs, 90%)?2* but
use of CRI produced two isotopomer&—CD; and {(BuzSiN=),-
(‘BusSIND)WCHD, (1-ND—CHD,), consistent with the inter-
mediacy of Bu;SiN=);W(CHDs) (2—CHDj3). Theky/ko deter-
mined from?H NMR analysis of thda—ND—CHD,:1—CD; ratio
was 9.6(6), a plausible value for partitioning fr@m CHD3.2° A
small amount of solvent-activated producBuzSiN=),(‘Bus-
SiIND)WGCsDs (1-ND—Ph-ds, ~10, 27%)%is produced, presum-
ably due to competing methane loss fr@nCH, or 2—CHD:.
In a parallel reaction c2—KH, CD3l, and 4 equiv of CH (entry
3), no incorporation of Cklwas detected<10%), ruling out
competitive activation of free Cfpl and CH, in CsDs. No amide/
methyl scrambling was evident upon prolonged (6 d, 209
thermolysis of independently prepared CDs, and no CG-H bond
activation chemistry was observed in thermolyse2-6KH and
[(‘BusSiIN=)3WI]K (2—KI) in CgDe.?”
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Table 1. Product Distributiof from the Reaction of
[(‘BusSiN=)3WH]K (2—KH) with RX According to Scheme 1
time (h), product distribution, %?
entry  RX {equiv) TCC 2-KX 1-ND-Ph-d: 1R 1-R/R"
1) CH3I (10) 8, 60 <2 10 90 -
2) CD3I(10) 8, 60 <2 27 56¢ 1-ND-CHDy, 17¢
3) CDsl (10) 8, 60 <9 26 65, total 1-CD3 + 1-ND-CHD»4
CHy (4, 3 atm)
4) CH;3CH,I (10) 10, 100 27¢ 23 30
5) CD3aCH2I (10) 10, 100 37¢ 26 14 1-ND-CD;CH3, 2
6) 13,25 9 <2 -
|
@—/ 10 [M—@— W
53 38
7 8, 608 <2 <2 R
. D
A w] I s wm—s
8) 6,100 20 <2 -
V2N
VA w > w7
9 24, 100 9e <2 -
/\/\/\Br

PN
W=
81

a Analysis by'H NMR unless otherwise note8l[W] = (‘BusSiN=),-
(‘BusSiNH)W. ¢ 1—CD3:1-ND—CHD; determined by2H NMR.
d Analysis of the NH resonance df~CDj; by *H NMR indicated the
same amount as in entry 3, and no WALCsinglet was observed.
e (‘BusSiN=),('BusSiNH)WX (1—X) was present (entry 4, 21%; entry
5, 21%; entry 9, 11%).When performed in toluends, no solvent
incorporation was noted; the same product ratio was obsehdesd.
cisCH=CHMe may be photochemically derived frorh—trans
CH=CHMe.

While RH binding by BusSiN=);W (2) is considered strong,

intramolecular exchange between alkane complex isomers mus

be rapid, assuming a direct correlation betw2eiRH vs2—R'H
etc. and the corresponding alkane-activated prodiiet® and
1-R, etc. As entries 4 and 5 show!B(3SiN=);WH]K (2—
KH) and ethyl iodide generatéBusSiN=),(‘BusSiNH)WEt (1—
Et)2® but with CD;CH,l as the substrate, botbh—CH,CD;
(14%) and1—-ND—CD,CH;3; (2%) are produced, with/kp =
7.9(5)%1214.25 presumably, €H and C-D bound forms of2
—CHCDs rapidly interconvert? and the subsequent CH/D

(27)2—KI: H NMR (CsDs, 23°C) 6 1.53 (s,Bu); 3C{H} NMR ¢ 24.81
(SiC), 31.95 (CH).

(28) 1—Et: H NMR (CgDe, 23°C) 8 1.20 (sBu, 27 H), 1.34 (siBu, 54
H), 2.06 (t, CH, 3 H,J = 7 Hz), 2.36 (q, CH, 2 H,J = 7 Hz), 6.51 (s, NH,
1'H); 3C{IH} NMR 6 19.67 (CH), 23.31 (HNSIC), 24.42%NSiC), 30.72
(HNSICCHs), 31.22 ENSICCH3), 39.01 (CH, Jwe = 137 Hz).
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activation is devoid of pathways that scramble H and D among
C, and G. In support of2—RH/2—R'H equilibration,2—KH

and benzyl iodide (entry 6) afforded only aryl-activated products,
(tBU3SiN=)2(tBU3SiNH)W(C6H4'p'CH3) (1_C6H4'p'CH3) and
1-CsHs—m-CHz? in a 1.4:1 ratio, while allyl iodide (entry 7)
yielded (BusSiN=),(‘BusSiNH)W(trans CH=CHMe) (1—trans
CH=CHMe)3° These entries illustrate the propensity of early
metal imido complexes to activatespver benzylic or allylic
CH bondst®

Further indications of selective CH bond activation? sper
sp’ 15 can be inferred from entries 8 and 9. Cyclopropylmethyl
bromide reacted witl2—KH to produce thdransmethylcyclo-
propyl derivative BusSiN=),('BusSiNH)W/(trans-(c-CsHs)Me)
(1-trans-(c-CsH4)Me)t and a small amount of the ring-opened
product {BusSiN=),('BusSiNH)W(trans CH=CHCH,CHj3) (1-
trans CH=CHCH,CHj), while 5-hexenyl bromide affordetitrans
CH=CH(CH,)3sCHz.32 While it is unknown whether the former
reaction implicates radical character in RX reducfidiher-
molysis of 1—-trans(c-CsHs)Me for 2 d at 150°C incurred
no generation ofl—transCH=CHCH,CH;. The migration of
(‘BusSiN=)3W (2) from the carbon that has received the hydride
to the ultimate activation site5 carbons away in the case of
(‘BusSiN=);W(CH,=CH(CH,)sCHs) (2—1-hexene), and a traverse
from methyl to the opposite side of the cyclopropane ring-ic-
CsHs)Me—follows established selectivity trenéfs. The absence
of C¢Dg activation (<2%) in entries 6-9 indicates that thaAG*
for RH loss from2—RH (RH = C;Hg, C3Hs, (c-C3Hs)Me, and
1-hexene) is=2.3—2.9 kcal/mol.

Although the results are also consistent with a solvent cage
comprised of BuzSIN=);W (2) and RH, calculational studies
strongly support the alkane adducBuzSiN=);W(RH) (2—RH)
proposed (i.e., (H&)3W(CHy); 23 °C, AH®yng = —15.6 kcal/
mol, AG°hing = —8.4 kcal/mol)¥® Attempts to directly observe
2—RH and efforts to understand the nature of hydride transfer
betweer2—KH and RX, the energetics pertaining to selectivities,
and the reactivity of additional substrates are underway.
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(29) 1—CeHa-p-CHs: *H NMR (CgDs, 23°C) 6 1.22 (s,'Bu, 27 H), 1.38
(s,'Bu, 54 H), 1.97 (s, CH 3 H), 6.83 (s, NH, 1 H), 7.02 (d, ArH} = 7 Hz),
8.39 (d, ArH,J = 7 Hz); 13C{'H} NMR 6 23.58 (HNSIC), 24.58=¢NSiC),
30.81 (HNSI@CHs), 31.32 &NSICCHy), 21.49 (CH). 1-Ce¢Ha-m-CHz: H
NMR (CsDs, 23°C) 6 1.21 (s,Bu, 27 H), 1.37 (siBu, 54 H), 2.17 (s, CHl
3 H), 6.83 (s, NH, 1 H), 8.26 (m, ArH), 8.35 (s, ArH}*C{*H} NMR ¢

3.58 (HNSIC), 24. 58NSiC), 30.79 (HNSICHj;), 31.29 ENSICCHy),
1.49 (CH). Remaining aryl resonances unassignable.

(30) 1—transCH=CHMe: *H NMR (C¢Dg, 23°C) ¢ 1.23 (s,Bu, 27 H),
1.37 (s/Bu, 54 H), 1.70 (dd, Me, 3 H = 1.5, 6 Hz), 6.63 (s, NH, 1 H), 7.11
(CsH, obscured), 8.01 (dq, 4, 1 H,J = 16 1.5 Hz); 13C{lH} NMR 6
23.54 (HNSIC), 24.42 (Me), 24. 53=(NSiC), 30.78 (HNSICH3), 31.26
(=NSIiCCH), 153.46, 167.63 (& Cp).

(31) 1—trans-(c-CsHa)Me: H NMR (CeDs, 23°C) 6 1.06 (m,t-CHH, 1
H), 1.14 (d, Me, 3 HJ = 6 Hz), 1.24 (siBu, 27 H), 1.35 (s!Bu, 54 H), 1.65
(m, WCH, 1 H), 1.89 (mg-CHH, 1 H), 2.09 (m, CHMe, 1 H), 6.03 (s, NH,
1 H); ¥*C{*H} NMR 6 21.92 (CH), 22.66, 22.97 (& Cy'), 23.44 (HNSIC),
24.40 ENSIC), 30.79 (HNSICH;), 31.22 (=NSiCCH3§, 49.48 (G, Jwc =
187 Hz).

(32) 1-trans: CH=CH(CH,)sCHz 6 0.84 (t, CH, 3 H,J =7 Hz), 1.24 (s,
Bu, 27 H), 1.36 (s!Bu, 54 H), 2.06 (m, Chl 2 H), 6.62 (s, NH, 1 H), 8.01
(d, GH, 1 H,J = 17 Hz); *C{*H} NMR 0 23.57 (HNSIC), 24.54%¢NSiC),
30.80 (HNSICHjg), 31.26 ENSIC-CH3), 22.37, 24.95, 31.89, 38.50 (G}
CHjz), 158.90, 166.19 (& Cp).
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